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Abstract 
Advanced extraction method such as simultaneous ultrasonic-hydrodistillation (UAE-HD) extraction 
method has been proved to increased extraction yield of plant material yet the application of this 
method in the preparation of metal nanoparticles has not been studied. In this study, Cymbopogon nar-
dus (C.N) extracted via UAE-HD extraction method was used to synthesis silver (Ag) nanoparticles. 
XRD and TEM analysis confirms the formation of spherical shape Ag nanoparticles with size ranging 
between 10-50 nm. FTIR spectra suggest the presence of bioactive compounds in the C.N leaves extract 
that may responsible to the stabilization and reduction of Ag ions (Ag+) to metallic Ag nanoparticles 
(Ag0). The TPC analysis successfully proved that huge number of phenolic compound greatly involved 
in the nanoparticles synthesis process. Next, the catalytic activity of the synthesized Ag nanoparticles 
was tested towards the degradation of 2,4-Dicholorophenoxyacetic acid herbicide with remarkable deg-
radation performance up to 98%. Kinetic study confirms that surface reaction was the controlling step 
of the catalytic process. Copyright © 2019 BCREC Group. All rights reserved 
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1. Introduction  
The presence of various herbicide and pesti-
cide in wastewater due to industrialization 
would cause severe environmental and health 
problems due to the toxicity of these hazardous 
organic compounds. 2,4-Dichlorophenoxyacetic 
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acid (2,4-D) is the most widely used herbicides 
in the agriculture industries [1]. However, due 
to its high biological and chemical stability, 
these herbicide was very difficult to decompose 
and it can causes injury to the heart and central 
nervous system [2]. Therefore, degradation and 
conversion of this herbicide into harmless min-
eral is crucial before it can be discharged to the 
environment [3]. Photocatalytic degradation has 
been considered as one of the most efficient and 
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economical methods to remove organic chemi-
cal in wastewater [4]. This is due to its advan-
tages including low energy consumption and 
zero generation of secondary pollution [5].  
Nowadays, metal nanoparticles especially 
silver (Ag) nanoparticles have been widely used 
as photocatalyst for photocatalytic degradation 
process. Synthesis of Ag nanoparticles using 
plant extract has received an increasing atten-
tion due to the growing need to expand envi-
ronmentally friendly and green technologies in 
material synthesis [6]. Plant extract are basi-
cally enriched with phenolic compounds such 
as flavonoids, terpenoids, tannins, and gallic 
acid that act as a reducing agent as well as cap-
ping and stabilizing agent in the synthesis of 
Ag nanoparticles [7]. Previously, the synthesis 
of Ag nanoparticless using Murraya koenigi, 
Piper betle, and Plumbago zeylanica leaves ex-
tract had been reported in the literature using 
classical aqueous extraction method [8]. How-
ever, the synthesis of Ag nanoparticles by using 
plant phenolic compound extracted from simul-
taneous ultrasonic-hydrodistillation method is 
still rare since most of the studies only used 
conventional aqueous extraction to extract 
plant phenolic compound for the synthesis of 
nanoparticles [9-11]. The combination of ultra-
sonic method with hydrodistillation technique 
was known to greatly enhance the yield of phe-
nolic compound extracted from plant material 
[12]. These may largely affect the characteristic 
of the nanoparticless formed as the synthesis 
route is significantly contributed by the plant 
extract compound.  
Cymbopogon nardus (C.N) is a plant that 
belongs to the Poaceae (grass) family, which 
easily grown in Malaysia. It is widely used in 
the industries of perfumery, foods preservation 
and aromatherapy. Due to the fact that this 
plant consists of various phenolic compounds, 
C.N has become an interesting alternative to be 
studied as a synthesis media for Ag nanoparti-
cless preparation. Phenolic compounds, such 
as: flavonoid, terpenoids, tannins, gallic acid 
and sterols, have been reportedly important for 
the reduction of Ag ions to Ag nanoparticles 
during synthesis process as well as capping of 
nanoparticles [13-17]. Therefore, this paper 
aims to synthesis Ag nanoparticles via electro-
chemical method using C.N leaves extract as a 
media in which the C.N leaves was priory ex-
tracted by using simultaneous ultrasonic–
hydrodistillation method. The green Ag 
nanoparticles was then analyzed by X-ray pow-
der diffraction (XRD), Transmission electron 
microscopy (TEM) and Fourier transforms in-
frared spectroscopy (FTIR). Next, the photo-
catalytic activity of the synthesized Ag 
nanoparticles was studied towards the degra-
dation of 2,4-D. 
 
2. Materials and Methods  
2.1 Materials 
The fresh leaves of Cymbopogon Nardus 
(C.N) were obtained from Jabatan Pertanian 
Negeri Pahang. The Ag and Pt plates of 
greater than 99% purity were used as elec-
trodes and were obtained from Nilaco, Japan. 
2,4-Dicholorophenoxyacetic acid (2,4-D) was 
purchased from Merck, Malaysia. All chemicals 
used in this study were high analytical grade, 
while all the aqueous solution was prepared 
using deionized water. 
 
2.2 Preparation of Cymbopogon nardus Leaves 
Extract and Silver Nanoparticles 
Cymbopogon nardus (C.N) leaves extract 
were thoroughly washed using deionized wa-
ter, dried at 25 °C for 3 days and grinded until 
it becomes powder. 10 g of the powder were im-
mersed in 500 mL of deionized water.  The so-
lution was placed in the ultrasonic bath with 
the ultrasonic frequency of 9 Hz for 30 min.  
Then, the solution was transferred to a round-
bottomed flask in order to carry out the hydro-
distillation process for 8 hours. The vapourised 
mixture in the distillation unit is then routed 
to a process namely condensation whereby the 
extracted oil solution was collected in a receiv-
ing vessel and stored in a sample bottle. The 
obtained extract solution C.N leaves was used 
to synthesis Ag nanoparticles via electrochemi-
cal method. Electrochemical cell which consists 
of a two-electrode configuration of Ag plate (2 
cm × 2 cm) anode and a platinum plate (2 cm × 
2 cm) cathode was used. Electrolysis was con-
ducted at a constant current of 480×10–3 A and 
273 K under air atmosphere [18]. Then, the so-
lution product mixture was immersed in the 
water bath at 80 ºC before dry overnight in an 
oven at 110 ºC. The obtained powder was de-
noted as AgCN. The mentioned electrolysis 
method was also conducted with the absence of 
plant extract and the sample was denoted as 
AgB. 
 
2.3 Determination of Total Phenolic Contents 
The amount of total phenolics in C.N leaves 
extract was determined using Folin-Ciocalteu 
reagent with gallic acid as a standard. Briefly, 
0.5 mL of extract solution was mixed with 
2.5 mL of Folin-Ciocalteu reagent (10 %). After 
5 min, 2 mL of Na2CO3 (0.75%) was added and 
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the mixture was reacted for 2 h at room tem-
perature. The absorbance was measured at 
765 nm using UV-visible spectrophotometer 
and the total phenolic content was determined 
per gallic acid equivalent (GAE) mg sample 
[19]. 
 
2.4 Characterization of Ag Nanoparticles 
UV-Visible spectroscopy measurements of 
green synthesis Ag nanoparticles were per-
formed using Perkin Elemer U-1800 UV-vis 
Spectrophotometer. The crystalline structure of 
Ag nanoparticles was investigate using X-ray 
diffraction (XRD) recorded on a D8 ADVANCE 
Bruker X-ray diffractometer using Cu-K ra-
diation at a 2θ angle ranging from 2° to 90°. 
The presence of functional group in Ag synthe-
sized using C.N leaves were identified Fourier 
transforms infrared (FTIR) spectra (Perkin 
Elmer Spectrum GX FTIR Spectrometer) using 
KBr method with a scan range of 500-4000 cm–
1. The morphology and size of Ag nanoparticles 
was examined using a Transmission electron 
microscopy (TEM) (JEOL JEM-2100F). 
 
2.5 Photocatalytic Degradation of 2,4-D 
The photocatalytic activity of Ag nanoparti-
cles was evaluated on photodegradation of   
2,4-D solution under UV light. The experi-
ments were carried out by adding Ag nanopar-
ticles (0.01 g/L) into 500 mL of 2,4-D solution 
(10 mg/L)  in a batch reactor fixed with UV 
lamp (4 × 9 W; 254 nm) and cooling system. 
The suspension was stirred constantly at 700 
rpm for 30 min in dark condition to achieve ad-
sorption-desorption equilibrium and then the 
reaction irradiated for 3 hours. At a regular in-
terval of time, 4 mL of the suspension was 
withdrawn and centrifuged at 13,000 rpm for 
10 min. The solution was monitored using UV-
VIS spectrometer to measure the absorbance at 
a wavelength 227 nm. 
 
3. Results and Discussion  
3.1 X-ray Diffraction (XRD) Analysis 
The XRD pattern of the synthesized Ag 
nanoparticles is shown in Figure 1. Both AgCN 
and AgB demonstrated the peak appeared at 
38.68°, 44.1°, 64.11°, and 77.4° corresponding 
to 111, 200, 220, and 222 plane that could be 
indexed to the standard phase of metallic silver 
(JCPDS file no. 893722) [20].  XRD pattern for 
AgCN exhibits some additional peaks that may 
attribute to the presence of phenolic com-
Figure 1. XRD pattern of (A) AgCN;  (B) AgB 
nanoparticles  
Figure 2. TEM image of (A) AgCN and (B) AgB nanoparticles  
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pounds from leaves extract which may be re-
sponsible in stabilization of Ag nanoparticles 
[21]. Meanwhile, XRD pattern of AgB shows the 
absence of any impurity peak indicating the pu-
rity of prepared Ag [22]. The average sizes of 
the crystals in each of the samples were deter-
mined via Scherrer’s formula in Equation (1):  
 
(1) 
 
 
where D stands for the crystallite size of the 
powder, k is Scherer’s constant (0.9),  is 
0.1541 nm which refer to the X-ray wavelength, 
θ is the Bragg diffraction angle,  is the full 
width at half maximum (FWHM) intensity in of 
the (111) plane in radians. FWHM can be de-
termined by taking the highest point of the 
(111) peak and walk along the slopes on both 
sides until it trespass half that maximum 
value. The difference in ordinate (x-axis) of 
these two points is called FWHM. After that, 
the difference between these x-axis (∆x) was 
multiplied by  (in radian) and divided by 180 
(β=(∆x × )/180) [23]. Based on the calculated 
value, the size of AgCN was found to be 8.40 nm, 
while AgB nanoparticles displays a massive size 
of nanoparticless (83.81 nm). This result might 
be due to the presence of phenolic compounds 
in C.N leaves extract encapsulated the surface 
of AgCN catalyst and keeps the AgCN catalyst 
away from each other to prevent aggregation 
and subsequently control the growth of parti-
cles [13]. However, large size of AgB nanoparti-
cles was obtained due to the absence of pheno-
lic compounds to encapsulate and control the 
growth of nanoparticles [24]. 
 
3.2. Transmission Electron Microscopy (TEM) 
The size and morphology of Ag nanoparti-
cles was examined using TEM image as shown 
in Figure 2. From this image, it was confirmed 
that the Ag nanoparticles were predominantly 
spherical in shape. Figure 2(A) demonstrates a 
well-dispersed Ag nanoparticles ranged be-
tween 5-20 nm without any aggregation. As 
compared to the AgCN, the TEM image in     
Figure 2(B) revealed a much larger nanoparti-
cless of AgB with an average size around 50-
100 nm, with particles agglomeration was ob-
served in the morphology image. This may due 
to the phenolic compounds present in C.N 
leaves extract that responsible in capping the 
AgCN nanoparticles, which then restricts the 
growth of nanoparticless [25]. Previous study 
also shows that Ag synthesized using Coccinia 
grandis leaves extract produces small size of 
particle ranged between 20 to 30 nm [26]. Re-
markably, this result is also in agreement with 
the XRD analysis in terms of the size determi-
nation. 
Figure 3. FTIR spectra of (A) AgB, (B) AgCN 
and (C) C.N leave extract  
Figure 4. Performance of AgCN and AgB 
nanoparticles on degradation of 2,4-D (Conc = 
10 mg L–1, pH = 3, Light = UV light, Ag = 0.01 
g L–1) 
θβ
λk
D
cos
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3.3 Fourier Transforms Infrared Spectroscopy 
(FTIR) 
The FTIR analysis was used to determine 
the organic compounds present on the nanopar-
ticless and their involvement in the reduction 
of Ag ions (Ag+) to the metallic Ag nanoparti-
cles (Ag0). The FTIR spectra of C.N leave ex-
tract, AgCN, and AgB was illustrated in Fig. 3. 
The peak at 3293 cm–1  that corresponded to 
the phenol –OH stretching in C.N leaves ex-
tract shifted to higher frequency of 3300 cm–1 
which may due to the involvement of –OH 
group during reduction of Ag ions to Ag 
nanoparticles [27]. Another peak was present 
at 1607 cm–1 in the C.N spectra which attrib-
uted to the carbonyl group of C=O stretching 
vibration. However, the peak was disappeared 
in AgB spectra and shifted to 1605 cm–1 in AgCN 
spectra, suggesting the binding of C=O func-
tional group with Ag nanoparticles [28]. The 
peak at 1083 cm–1 which attributes to the ether 
linkage (C–O or C–O–C) stretching vibrations 
was observed in AgCN, revealed that the pheno-
lic compounds in C.N leaves extract have been 
successfully absorbed on the surface of Ag 
nanoparticles [29,30]. A new peak appeared at 
483 cm–1 in AgCN and AgB spectra confirming 
the formation of Ag nanoparticles, while the 
small peak at 1318 cm−1 is refer to the (C–OH) 
group [31].  
 
3.4 Photocatalytic Activity 
Photocatalytic activity of AgCN and AgB 
nanoparticles was tested on degradation of   
2,4-D under UV light irradiation. The 2,4-D 
degradation percentage (%) was obtained at 
different interval of time was calculated using 
Equation (2). 
 
(2) 
 
where C0  refer to the initial concentration of 
the reactant and Ct  is the reactant concentra-
tion after t hours of exposure in light sources 
[32]. The results revealed that the rate degra-
dation of 2,4-D escalated as the reaction time 
increases. Fig 4 illustrated that the presence of 
leaves extract in AgCN leads to the higher deg-
radation rate of 2,4-D (98%).  
This is mainly owed to the leaves extract 
that plays a crucial role as a capping agent 
which successfully produce a diminutive AgCN, 
which subsequently have a high catalytic activ-
ity towards the photodegradation of 2,4-D 
[33,34]. This result is also in agreement with 
previous studies reported which concluded that 
the size of nanoparticles have significant effect 
to the 2,4-D photocatalytic degradation [35]. 
However, the AgB sample shows a much lower 
degradation percentage of 2,4-D (56%) which 
confirms the absence of plant extract as a cap-
ping agent in the synthesized nanoparticles. 
Hence, the nanoparticles produced were much 
larger and resulted to the low photocatalytic 
activity. 
In order to further illustrate the crucial role 
of the plant extract in Ag nanoparticles synthe-
sis, the total phenolic content (TPC) of the 
plant extract was also determined. It was re-
Figure 5. (A) Photodegradation kinetics of 2,4–D at different initial concentrations; (B) The relation-
ship between 1/r0 and 1/C0 at different initial concentrations of 2,4–D 
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0
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markably found that AgCN nanoparticles con-
tain 6927.56 mg/kg of phenolic compound. The 
large number of the phenolic content may due 
to the simultaneous ultrasonic-hydro-
distillation extraction method that provided 
much higher yield as compared to conventional 
aqueous extraction [12]. This results may be 
explained by the cavitation phenomena and 
mechanical mixing affect [12,36]. During the 
propagation of ultrasonic waves in ultrasound–
assisted extraction, cavitation bubbles were 
generated at the surface of the solid matrix and 
causing a disruption of plant cell walls. There-
fore, the extractable compounds was released 
with the increasing of contact surface area be-
tween solvent and plant material [37]. Conse-
quently, the TPC analysis successfully proved 
that huge number of phenolic compound are 
greatly involved in the nanoparticles synthesis 
process and also significantly assists in the 
photocatalytic activity. Therefore, it can be con-
cluded that the presence of plant extract ob-
tained from the simultaneous extraction 
method with a huge number of phenolic com-
pounds was essential for efficient nanoparticles 
synthesis and also degradation of 2,4-D. 
 
3.5 Kinetic Study 
Langmuir-Hinshelwood (LH) kinetics model 
is the most commonly employed kinetic expres-
sion to explain the kinetics of the heterogene-
ous catalytic processes. Based on Langmuir–
Hinshelwood (L-H) which was illustrated in 
Equation (3) [38], the degradation rate of 2,4-D 
was studied and the linear plot of ln (C0/Ct) vs 
time is shown in Figure 5 (A). 
 
             (3) 
 
 
Where r is the initial photocatalytic degrada-
tion rate (mg.L−1.min−1) of 2,4-D, kr the appar-
ent reaction rate constant (mg.L−1.min−1), C0 
the initial concentration of 2,4-D (mg.L−1), and 
KLH is the adsorption equilibrium constant 
(L.mg−1) [39]. In cases where the chemical con-
centration, C0 is small, the equation can be re-
arranged simply to an apparent first-order 
equation which illustrated in Equation (4) [40]. 
 
(4) 
 
 
Where krK=Kapp, C0 is the initial concentration 
of 2,4-D (mg.L−1), and Ct is the concentration of 
2,4-D at time, t. The degradation rate also was 
deduced as shown in Equation (5): 
 
(5) 
 
From the slope in Figure 5(A), the values of 
kapp were determined and r0 was calculated. 
Based on the tabulated data in Table 1, graph 
of 1/r0 vs 1/C0 was plotted. In addition, the pa-
rameter of kr and KLH also can be determined 
by linearizing the Equation (3) as shown in 
Equation (6).  
Initial 2,4-D, Concentration, C0 (mg/L) Reaction rate, kapp  
(min–1) 
Initial reaction rate, r0  
(mg/L min–1) 
5 0.0147 0.0735 
7.5 0.0158 0.1185 
10 0.0180 0.1800 
12.5 0.0150 0.1875 
80 0.0127 0.1905 
Table 1. Pseudo–first–order apparent constant values for 2,4-D degradation  
Figure 6. Reusability of AgCN nanoparticles on 
degradation of 2,4–D 
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             (6) 
 
The plot of 1/r0 vs 1/C0 in Figure 5(B) gives a 
straight line result which proving that Lang-
muir-Hinshelwood (L-H) kinetics model was 
appropriate for the degradation of 2,4-D using 
Ag nanoparticles in leaves extract. From the 
graph, the values for the intercept of 1/kr and a 
slope of 1/krKLH, was determined. Due to the 
value of kr (78.125 mg.L–1 min–1) is larger than 
KLH (0.955 L.mg–1), it was suggested that the 
reaction occurs at the surface of the catalyst 
[41]. Hence, these results can be signified that 
the AgCN nanoparticles was capable in increas-
ing the rate of reaction for efficient photodegra-
dation of 2,4-D.  
 
3.6 Reusability Study 
Reusability and recovery of the AgCN cata-
lysts have been studied for five consecutive 
runs in the degradation of 2,4-D. As presented 
in Figure 6, the catalyst revealed a desirable 
reusability with only minor reduction in its ac-
tivity and it still could be reused for fifth con-
secutive cycles after separated from the reac-
tion solution by filtration, washed several times 
with deionized water and dried in the oven. 
The result revealed an overall 19% loss in 2,4-D 
degradation after the fifth cycle, demonstrating 
the stability and reusability of this catalyst. 
Referring to Jusoh et al. [18], the photocatalytic 
efficiency was declined due to decreasing active 
site of catalyst after adsorption of 2,4-D onto 
Ag catalyst surface.  
 
4. Conclusion 
The Ag nanoparticles were successfully syn-
thesized via electrochemical method using 
Cymbopogon nardus leaves extract as a media. 
The phenolic compounds present in C.N leaves 
extract play an important role as a stabilizing 
and capping as well as reducing agent. Green 
synthesized Ag nanoparticles were ranged be-
tween 10-50 nm and found to be in spherical 
shape, which confirmed by XRD and TEM 
analysis. The Fourier-transform infrared 
(FTIR) spectroscopy results examined the oc-
currence of bioactive functional groups required 
for the reduction of Ag ions. The green synthe-
sized Ag nanoparticles showed strong photo-
catalytic behavior in the degradation of toxic 
chemicals, which 98 % of 2,4-D was degraded 
under UV light. The TPC analysis revealed 
that AgCN nanoparticles contain large number 
of the phenolic content (6927.56 mg/kg) which 
may due to the simultaneous ultrasonic-
hydrodistillation extraction method. The ki-
netic study confirms that the reaction process 
occurred on the catalysts surface and the cata-
lyst was still stable after five cycles. These 
findings suggest that Cymbopogon nardus 
leaves extract is remarkably important for effi-
cient nanoparticles synthesis and also degrada-
tion of 2,4-D. 
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